Introduction
The concept of early orthodontic treatment in alveolar clefts was introduced by McNeil of Glasgow in 1950; since then the method has been adoptedand sometimes adaptedby other workers both in this country and abroad. The results of much of this work have been published in the Proceedings of an International Symposium held in Zurich in 1964 (Hotz 1964) .
In 1955 the pawdiatric and plastic surgeons of Liverpool asked me to undertake a pilot scheme employing the methods advocated by McNeil: this was done for three years. The results were sufficiently encouraging for the method to be adopted as routine, so that from 1958 all infants with cleft lip and palate have been seen at birth by the orthodontist and many of them have received early orthodontic treatment.
There are two facets to McNeil's original concept: (1) The diminution in width of the palatal cleft brought about by the stimulation to growth of the palatal shelves under the influence of an oral appliance designed to promote such growth.
(2) The control and correction of the displaced maxillary segments seen in clefts of the lip, alveolus and palate prior to surgery, thus assisting the surgeon by presenting him with a more normal bony facial skeleton over which he could perform his repair of the soft tissues.
Concurrently with the development of this technique, considerable advances have been made in the surgery of cleft lip and palate: in particular, bone grafting to the alveolus and palate has been widely practised, with and without orthodontic manipulation carried out at widely different ages.
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In Liverpool, bone grafting was not employed until the last two years so that maximum attention has been paid to the improvement that could be obtained by early orthodontic treatment. This has been useful in demonstrating both the advantages and the limitations of the method and has suggested ways in which the various new approaches may be integrated to obtain a better result.
The Nature ofAlveolar Clefts Kernahan & Stark (1958) classified these defects as those involving the primary palate, secondary palate or a combination of both. Clefts of the primary palate must have occurred within the first four and a half weeks of prenatal life; clefts of the secondary palate arise from seven weeks onward.
In analysing an alveolar cleft as seen at birth, there are two main factors to be considered, namely the events leading to its formation, producing tissue deficiency (Stark 1954) , and the subsequent unbalanced growth and action of tissues which have become disconnected because of it. Burston et al. (1960) , Burston (1959 , Forshall et al. (1964) , and Latham & have described the interaction of the tissues concerned both in normal and abnormal development of the face.
As far as cleft lip and palate are concerned the distortion to the maxillary segments may be partly explained by their separation from the central stem of the chondrocraniumthe interorbital nasal septumwhose growth function continues into post-natal life. Clearly this deformation will be increased both by the unbalanced pull of the muscle system attached to these bones and by the tongue thrusting into the line of the cleft. However, in any case of cleft lip and palate it is necessary to consider not only the deformation to the maxilla but also the relation of the mandible to this structure.
Orthodontic research has shown (Broadbent 1937 , Brodie 1941 ) that the relationship of the jaws is remarkably stable in older children. What is not so certain is the time at which an individual pattern is so established. A consideration of prenatal development shows that following the regression of the Meckelian joint in the mammal, in favour of the temporomandibular joint, there is a physiological retrognathia which progressively improves throughout the later months of gestation but may continue through birth into post-natal life.
We noticed that, in untreated cases of total cleft lip and palate, at birth the mandible lay well within the maxillary segments. However, during the ensuing three months until the time of lip repair, the mandible grew forward relative to the affected maxillary segment(s); the amount of this forward adjustment varied considerably in different infants but an element of 'cross-bite' or 'collapse' between the maxilla and mandible was noted in most cases at the time of lip operation. An attempt was therefore made to register the changing maxillomandibular relationship during these early months by taking upper and lower impression of the jaws with as accurate a bite as could be contrived with the mandible in the rest position. Wires were then placed on the crest lines of the arches and the models articulated by means of the bite. Teleradiography then served to demonstrate the relationship of the arches 'in plan' (Figs 1 and 2) . Although there are many objections to and difficulties in the method, the forward movement of the mandible relative to the maxilla was so consistent and of such magnitude as to preclude the possibility that error in technique would give a false picture. Recently an infant cephalometer for use in association with a months' orthodontic treatment. The anterior palate was repaired at lip operation. C, D, show a poor response to orthodontic treatment and the anterior palate was left open at lip operation. Later only the area indicated would be closed at palate operation, the residual defect being closed by a bone graft at 3 to 4 years standard X-ray set has been developed. Serial X-rays taken during the early months of life have demonstrated the same forward mandibular movement relative to the maxilla (Fig 3) . It is not possible on the basis of the twelve cases so far examined to say when the definitive maxillomandibular relationship is established but most of the adjustment appears to have taken place before the age of 4 months.
From the above it is suggested that the skeletal defects seen in cleft lip and palate at birth present four basic problems: (1) A true deficiency of tissue. (2) An underdevelopment of the affected side or sides of the maxilla. (3a) In unilateral conditions, a deviation of the midline to the non-affected side. (3b) In the bilateral condition, some eversion of the premaxilla on the central stem and an element of overdevelopment of the latter. (4) A varying maxillomandibular relationship.
It is not possible to give a quantitative assessment of the degree in which these factors combine in the newborn. However, by following the development of the infant through the first few months of life (whether under active treatment or not) it is possible to gain a much clearer picture of the nature of the defect. In this way the surgical repair of the lip, and still later the palate, may be varied to suit the needs of the individual patient. Treatment Whenever and whatever orthodontic treatment be given to a case of cleft lip and palate, it is the surgeon who will mainly determine the eventual result; in particular, lip surgery undertaken at an early age will have a profound influence on the position of the maxillary segments, the eventual relationship of these parts being fixed at subsequent palate repair. Although improvement may be gained by later surgical revision combined with orthodontic and prosthetic treatment, it is felt that the really good result is obvious after the success of the primary surgery. Early orthodontic treatment of the infant makes its contribution by helping the surgeon to achieve a good primary repair of the lip over a symmetrical and well balanced facial skeleton (Fig 4) . If this can be achieved later orthodontic treatment becomes much more practicable.
Because of the importance of the lip repair to the position of the maxillary segments it is impossible to discuss orthodontic treatment with- These may be divided into: (1) A simple lip closure designed to restore function as the primary consideration, with maximum conservation of tissue (e.g. the Kilner lip repair). (2) Some form of Z-plasty to allow redeployment of tissue and hence achieve a better cosmetic result at the first operation.
With either type of repair there remains the fundamental decision as to whether or not to close the anterior palate at the time of lip operation and, if closure is undertaken, whether this should be by soft tissue alone or by a bone graft. Fig 4 A, B , C, show the improvement following three months' orthodontic treatment and the eventual symmetry of the alar bases following surgery In Liverpool the great majority of lip repairs are now effected by Z-plasty, the Millard technique being the operation of choice. Where, however, there is gross deficiency of lip tissue, particularly in a bilateral condition, simple closure has proved of value in order to avoid overtightness of the lip, the inferior cosmetic result being temporarily accepted during the time required for the lip tissues to grow and permit a trimming operation.
From the orthodontic standpoint, the repair of the anterior palate, even by soft tissue, so fixes the maxillary segments as to make further adjustment in these early months of life very difficult. The later palate repair proper will of course confirm the segments in the position they have attained following the initial repair or may cause further median displacement of the parts. This matter will be referred to later but as a guiding principle it has been considered wise to unite the maxillary elements at the time of lip repair when these have been brought into a good shape and in correct relationship with the mandible.
The method employed by the author closely follows those advocated by McNeil (1954) and described by Burston (1958 Burston ( , 1960 and Mellor (1964) . I will try to clarify certain matters which appear to have caused difficulty: a feeding plate is inserted as soon as possible after birth, preferably before the infant has its first feed; this is a simple plate without bite blocks and can be provided within a few hours of taking the first impression. During the first week of life a treatment plan is decided between the pxediatrician, surgeon and the orthodontist; the principal factors considered are: feeding problems, other associated abnormalities, the desirability of early orthodontic correction, the home background and whether the child should be treated at home or in hospital. Often the child can be admitted with mother to the mother-baby unit (an integral part of the cleft palate ward) and the mother can be taught how to handle the child before discharge. When early orthodontic correction is judged necessary a correction plate is fitted which incorporates bite blocks. The bite registration is a very important step in the technique because much of the action of the plate is derived from the child chewing into the plate. The blocks must be high enough to gag the bite and produce reflex chewing; if the bite block is too high the plate will not be stable and the child will extrude it. The height is correct when there is a forward pressure on the plate (as shown by the blanching of the mucosa seen through the clear acrylic) during biting and yet the plate is not dislodged. In a similar way the pressure points created by modify-ing the model on which the plate is made can be seen through the plate as the child chews. The amount and nature of the correction varies from child to child and with the desired movement of the segments. The time to change or alter the plate is reached when a uniform blanching occurs on chewing. Extra-oral strapping is employed to assist the action of the plate. It is used in unilateral cases to complete correction of the mid-line deviation during the last two to three weeks of treatment prior to lip surgery. In bilateral cases strapping is applied shortly after the first correction plate is fitted, to restrain the central stem. Although the premaxilla may be rotated from its everted position by such means, it is not pushed back as has been stated by some writers; push back could only be achieved by avulsing the premaxilla from the septum or inducing bends in the septum: the intention is to restrain the premaxilla while the lateral maxillary elements continue to grow forward into better relationship.
The timing of lip repair depends on the progress of orthodontic treatment. From the models, photographs, bite registration and cephalograms the rate of improvement can be readily assessed. The usual pattern in a thriving infant is that most of the improvement occurs within four months and that only in exceptional circumstances is further delay in lip repair justified. Before bone grafting became available to us early orthodontic treatment was pressed as far as six months and even longer. However, the improvement obtained in the later months has been limited. Response to treatment is linked with the rate of growth of the face, which is greatest in the first few months of life.
Prior to lip surgery the surgeon and orthodontist review the case and decide not only the type of lip repair that is indicated but also whether the anterior palate should be repaired at this juncture. In unilateral cases, provided good arch alignment has been obtained and there is a favourable maxillomandibular relationship (Fig   lB) , the anterior palate is closed at lip operation.
If, however, there is a significant gap between the alveolar elements (Fig lc, D) , lip repair only is undertaken and an attempt made to improve the defect before palate operation is carried out.
Should this attempt fail, the soft palate and posterior half of the hard palate only is repaired (Fig 1D) and the residual defect closed by a bone graft inserted at the age of 3-4 years. In bilateral cases (Fig 2) experience suggests that it is wise to close the anterior palate in most instances, even where orthodontic treatment has only been partially successful (Fig 2c) .
Following lip repair there is always some uncertainty as to whether the infant will continue to wear a plate until the time of palate repair. Most children continue to do so with benefit to arch alignment (if this has not been fully achieved pre-operatively), to feeding and to possible reduction in the width of the cleft. However, in a bilateral condition, if the plate is not worn postoperatively and if the anterior palate defects have been left open, there is a real risk that the premaxilla may grow forward out of relationship with the lateral elements in the interval of some twelve months prior to palate repair (Fig 2D) .
Discussion
In one half of unilateral cases the results to date have been satisfactory in that there is a good dental arch with good facial balance; dental irregularities in and adjacent to the line of cleft will have to be dealt with by routine orthodontic procedure. In the other half, contact between the maxillary segments could only have been achieved by collapsing the segments inside the line of the mandibular arch. Before bone grafting was available, the object of orthodontic treatment in this type of case was to preserve symmetry of the face, at the expense of a flat lip and an eventual faulty incisor relationship. This has been thought a better compromise than allowing median collapse of the lateral element, with resulting asymmetry.
The present compromise of accepting the anterior palatal defect, where necessary, until the age of 3-4 years has certain advantages, amongst which are: (1) The deciduous dentition is well established, which aids the correct assessment of maxillomandibular relationship. (2) Minor corrections to the maxillary segments can be made easily.
(3) Fitting of an effective post-operative retention plate to guard against the effects of post-operative cedema is facilitated. (4) Treatment is carried out at a time when it may be desirable to undertake a lip trim, thereby facilitating the bone graft operation. (5) An age of 3-4 years is early enough to provide space for the developing permanent teeth adjacent to the cleft. Early bone grafting has not been practised in Liverpool because of the dangers of fixing the segments in an arbitrary and possibly unfavourable position. Post-operative retention is also difficult in the absence of teeth. Johanson (personal communication, 1964) has had a long experience with early grafting of the alveolar defect and was not satisfied that this method controlled deformation to the maxillary segments.
Out of 70 bilateral cases of cleft lip and palate, early orthodontic treatment has enabled bilateral closure to be carried out in 64 infants. The remaining 6 either had severe heart conditions which militated against treatment or were started too late. Where good alignment has been attained, soft tissue repair of the anterior palate has been effective in maintaining the result in most cases. Where there have been considerable alveolar defects prior to lip operation, a compromise has been found desirable even though some median rotation of the lateral elements has followed anterior palate repair. Some of these cases have now had secondary bone grafts but it is too early to know what the eventual result will be.
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Professor Richard Trauner (Universitdts-Zahnklinik und Kieferstation, Graz, Austria) read a paper entitled Methods of Pre-prosthetic Surgery. 
